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Selection of Metal Halide salt is key to achieving high battery performance at low operating temperatures

Martha M. Gross , Stephen J. Percival, Amanda S. Peretti, Erik D. Spoerke, and Leo J. Small (PI)*
Sandia National Laboratories,  Albuquerque, NM, USA

margros@sandia.gov       *ljsmall@sandia.gov

Motivation & Objective : High temperature operation restricts adoption of traditional molten sodium batteries due to increased material costs,
lower battery lifetimes, and issues with safety. We are developing low temperature (110�£C), high performance molten sodium batteries that
promise cost-effective, safe energy storage for a resilient electric grid.
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Target Parameters:
�‡ Temperature < 150 �ƒC
�‡ Low-Cost Materials
�‡ Performance similar to or 

exceeding that of high 
temperature Na batteries

Interfacial Engineering Necessary For 
Low Temperature Operation

Conclusions & Future Work

Application of Sn Coating & Thermal Activation of Carbon Felt Current 
Collector Necessary for Low Temperature Battery Operation

�‡ Different Metal Halide (MH) salts 
tested with different 
concentrations of NaI

�‡ Battery performance strongly 
dependent on choice of MH salt 
and concentration of NaI

�‡ Vast improvements made in battery performance
�‡ > 10x improvement in battery lifetime compared to AlBr3-based catholyte
�‡ Proved battery capable of cycling with > 50x current density in rapid testing, 10x in 

long-term cycling
�‡ 25x increase in cycling capacity

�‡ 3 Publications (1 published, 2 in review), 2 Patent Applications

�‡ Future work : Optimization of battery performance by the integration of cost modeling

�‡ Battery achieves > 300 cycles, > 6 months cycling, No Degradation

Long Term Battery Cycling

Overview: Low Temperature Molten Na Batteries

E0
cell ~ 3.24V

Limitations of NaI -AlBr 3 Catholyte

�‡ Unable to cycle above 0.75 mA cm-2

without rapid degradation
�‡ Limited to low capacity cycling
�‡ Efficiency degradation occurs over 

long cycling periods

Development of New Metal Halide 
Catholytes

25 mol% NaI -MH2 catholyte

Polymeric Seals

�‡ High overpotential at low current 
density
�‡ > 1 V at 0.16 mA cm-2

�‡ Poor Na wetting on NaSICON, 
�‡ High interfacial resistance at 

catholyte current 
collector/catholyte interface

110oC
100oC

0.16 mA cm -2

�‡ Sn coating applied to NaSICON 
�‡ Carbon felt current collector 

thermally activated 
�‡ Substantially lower initial 

overpotential at increased 
current density
�‡ < 100 mV at 0.5 mA cm-2

0.5 mA cm -2

Na Wetting on 
NaSICON

Na Wetting on 
Sn-Coated NaSICON

110oC 25 mol% NaI in AlBr 3

Interfacial Engineering Tested with AlBr3-based Catholyte

Components
�‡ Molten Sodium (Na) Anode
�‡ NaSICON Solid Electrolyte 

Separator 
�‡ Inorganic NaI �±Metal Halide (MH) 

Salt Catholyte

Redox Chemistry:

25 mol% NaI in AlBr 3
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�‡ MH2 salt demonstrates best 
performance, capable of cycling 
up to 30 mA cm -2

�‡ MH3 salt capable of good 
performance with high 
concentrations of NaI 

�‡ Increases battery capacity

�‡ Power density > 80 mW cm -2

achieved at 110 �ƒC with MH2 
salt
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Electrochemistry of the NaI-AlBr3 Low Temperature Molten Salt 

System:Implications for Sodium Battery Performance
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